INTRODUCTION
============

Trichinosis is a globally distributed foodborne helminthic infection \[[@B1]\]. In humans, *Trichinella spiralis* is the most prevailing and pathogenic species. However, 8 other species were reported worldwide \[[@B2]\]. In rats, *T. spiralis* larvae grow to the adult stage in about 4-5 days after infection. Thirteen days post-infection (PI), capsule formation in the diaphragm begins and is completed within week 5 PI \[[@B3]\]. Several anthelmintic drugs are used to eliminate intestinal stage adults ane tissue-migrating and encysted larvae. These are organophosphates, benzimidazoles, and diethylcarbamazine as well as certain immunomodulating and anti-mitotic agents \[[@B4]\]. However, it was reported that only benzimidazoles possess unequivocal efficacy at well-tolerated dosages \[[@B5]\]. Consequently, supplementary drugs that were proved to be successful against other nematodes are needed to be tested for management of trichinellosis \[[@B6]\].

Ivermectin and its related compounds are the most essential anthelmintics available nowadays \[[@B7]\]. It is a potent macrolytic lactone causing paralysis in nematodes and arthropods through influx of chloride ions across the cell membrane \[[@B8]\]. Several studies were carried out to report the anti-*Trichinella* activity of ivermectin \[[@B9]-[@B12]\]. However, they are relatively inadequate. Thus, more investigations are required to elucidate the effects. The curative prospective of medicinal plants is gradually increasing particularly because natural products are frequently proved to be less toxic, affordable, and free from adverse effects observed with synthetic drugs \[[@B13]\]. Myrrh is a natural drug obtained from the aloe-gum resin of *Commiphora molmol* \[[@B14]\]. In addition to its anti-bacterial and anti-fungal activities \[[@B15]\], it was recorded as a potent schistosomicidal, fasciolicidal, and molluscicidal agent \[[@B16]-[@B19]\]. In the available published literature on myrrh, studies to investigate its anti-*Trichinella* activity are scarce. Consequently, the present study aimed to show the myrrh effects on both intestinal and muscle phases of trichinosis in mice and to compare with ivermectin effects on the same infections.

MATERIALS AND METHODS
=====================

Experimental animals and parasite
---------------------------------

One hundred Swiss albino mice (25-30 g) were obtained from Faculty of Veterinary Medicine, Cairo University, Cairo, Egypt. Mice were laboratory bred for 6-8 weeks. They were parasite free. Ninety of them were infected orally with 300 larvae per mice, while the remaining 10 were kept as the non-infected non-treated control group. *Trichinella spiralis* larvae were obtained from infected pig muscles from Cairo Slaughter House (Cairo, Egypt).

Preparation of the inoculums
----------------------------

Infective larvae were recovered by digestion of muscles of infected pigs as follows: The material was immersed for 12 hr in a digestive fluid composed of 1,000 ml saline, 20 ml concentrated HCl and 20 g pepsin at 37℃ under continuous mixing with a mechanical stirrer. The suspension was centrifuged at 1,000 rpm for 2 min to sediment the larvae. The sediment was washed successively in saline (0.9% NaCl) and centrifuged \[[@B20]\]. Then, the sediment larvae were resuspended in 1.5% gelatin in saline to obtain a stable suspension. The required inoculum size for each number of larvae aimed at was adjusted after doing several counts using hemocytometer. Before infection, mice were starved for 12 hr after which they received the larvae by injection directly into the stomach, using a tuberculin syringe. The inoculums for each mouse were adjusted to contain about 300 larvae.

Drug formulation and dose
-------------------------

Ivermectin (Ivomec suspension; Merk, Sharp & Dohme AGVT Ltd, Oss, Holland) was administered orally at a dosage of 0.25 ml/mouse \[[@B21]\]. Myrrh (Mirazid suspension; Pharco Pharm. Co., Cairo, Egypt) was supplied in an emulsion form of 10% concentration and administered at a dose of 0.01 ml/mouse orally \[[@B22]\].

Study design
------------

### Groups of animals

Infected mice were classified into 3 groups; A, B, and C. Each group contained 30 mice. Group A and B received single oral doses of ivermectin and myrrh (0.25 ml and 0.01 ml per mouse, respectively). Group C was infected and left untreated as controls.

### Dosage schedule

Each group of the treated animals was subdivided into 4 subgroups (I, II, III, and IV) each comprising 5 mice. Subgroups received the drugs on day 0, 5, 15, and 35 PI. Animals of groups I and II were sacrificed on day 7 PI to show the drug effects on the intestinal phase, while animals of groups III and IV were sacrificed on day 40 PI to detect the drug effects on the muscle phase. Infected untreated (control) group was subdivided into 2 subgroups I and II (10 mice each) and were sacrificed on day 7 and day 40 PI, respectively. The remaining 10 mice from each group were kept for 35 days PI. Blood samples were taken from them on day 5, 15, and 35 PI to explore the effects of infection and medications on serum biochemical molecules.

Parasitological methods
-----------------------

### Adult worm detection in the intestines of mice

Adults were recovered from the intestine of mice by means of a method modified from Benham \[[@B23]\]. Briefly, the intestine was opened, washed, and then incubated in 10 ml saline at 37℃ for 2 hr to allow worms to leave the intestine to the container. Washing was done several times till the fluid become clear. Then, the fluid was collected and centrifuged at 1,500 rpm for 5 min. The supernatant was decanted and the sediment was reconstituted in a few drops of saline to be examined drop by drop under the dissecting microscope for counting the adults.

### Counting the number of muscle larvae

The diaphragm of mice was carefully dissected in each mouse and examined using the trichinoscopy and the number of larvae per diaphragm was estimated.

Histopathological examinations
------------------------------

Muscle specimens taken from different groups were fixed in 10% formol-saline for 24 hr, washed in water for 12 hr, dehydrated in ascending grades of alcohols, cleared in xylene, and embedded in paraffin blocks which were sectioned at 10 µm thickness by microtome, then stained with hematoxylin and eosin \[[@B24]\].

Testing the drug effects
------------------------

The anthelmintic effects of drugs were evaluated by calculating the mean number of living worms and larvae per mice. The efficacy of each drug was calculated according to the equation \[[@B25]\]: Efficacy (%)=A-B/A×100, where A=no. of worms or larvae extracted from control animals and B=no. of worms or larvae extracted from treated animals.

The drug effects on the serum biochemical parameters were determined as follows: The remaining 10 mice from each group were kept for 35 days PI. Collected sera were used to determine the values of liver and renal biomarkers, including the total protein, albumin, globulin, AST, ALT, urea, and creatinine levels \[[@B26]\].

Statistical analysis
--------------------

Statistical analysis was performed using the SPSS 13.0 software package. A probability value of less than 0.05 was considered statistically significant.

Ethical consideration
---------------------

The experimental animal studies were maintained under convenient conditions at the animal house in Faculty of Veterinary Medicine, Cairo University, Cairo, Egypt. The research was approved from the Scientific Research Ethical Committee, Faculty of Medicine, Cairo University, Cairo, Egypt.

RESULTS
=======

Drug effects on mature worms
----------------------------

The mean number of living *T. spiralis* worms per mice (w.p.m) and the efficacy in percentage of the tested anthelmintic drugs received on the same day of infection are shown in [Table 1](#T1){ref-type="table"}. The least mean adult count was found in group A which received ivermectin (0.7±0.7) and showed the most effective eradication of *T. spiralis* worms, with the drug efficacy of 98.5%, while the mean adult worm count was found to be 39.7±13.7 in group B which received myrrh with a satisfactory drug efficacy of 80.7%. The statistical analysis revealed a better eradication of adult worms achieved by ivermectin (*P*=0.0001). On day 5 PI, the mean adult worm count was 41.0±15.7 in group A which received ivermectin with the highest drug efficacy of 80% (*P*=0.001). Group B which received myrrh showed the mean adult count of 89.7±18.7 with an average efficacy of 51.5% ([Table 1](#T1){ref-type="table"}). The statistical analysis in relation to the day of drug administration revealed a better eradication of adults when it was administered on day 0 than day 5 in both groups A and B (*P*=0.001 and 0.01, respectively).

Effects on encysted larvae
--------------------------

Concerning the drug effects on the muscle phase, the larval count was estimated on day 40 PI for the 2 groups that received drugs on day 15 and 35 PI ([Table 2](#T2){ref-type="table"}). Among the mice which received the drugs on day 15 PI, the mean larval count was 1,119±30 in group A which received ivermectin with a satisfactory drug efficacy of 76.5%, whereas those which received myrrh, the mean larval count was 1,091±51 with a drug efficacy of 76.6%. Receiving the drugs on day 35 PI, the mean larval count of 2,336±1,786 was achieved with a drug efficacy of 54% in group A, whereas the mean larval count was 3,340±332 with a drug efficacy of 35% in group B. The statistical analysis revealed better eradication of larvae achieved by ivermectin (*P*=0.086). On comparing the drug effectiveness on the muscle phase in relation to the day of administration, statistically significant differences were found in groups A and B with a better eradication of larvae on day 15 than day 35 PI (*P*=0.008 and 0.076, respectively).

Histopathological examination
-----------------------------

Fifteen days PI, group A which received ivermectin showed diffuse degenerative changes all over the muscle bundles, heavy inflammatory cellular infiltrations consisting of mainly histiocytes and lymphocytes. Encysted *Trichinella* larvae were diffusely present all over the muscle bundles ([Fig. 1A](#F1){ref-type="fig"}). In group B which received myrrh, massive numbers of encysted larvae were detected all over the muscle bundles, in addition to diffuse mononuclear cellular infiltration affecting the bundles as well as the areas of encysted larvae. Larvae evidently showed degeneration and were replaced by amorphous material surrounded by inflammatory cells in a circumscribed round matter ([Fig. 1B](#F1){ref-type="fig"}). On day 35 PI, both groups A and B showed massive numbers of encysted larvae surrounded by diffuse inflammatory cellular infiltration, with areas of coagulative necrosis, and many of cysts showed marked degenerative changes. However, these changes were more prominent in group B which received myrrh ([Fig .1C](#F1){ref-type="fig"}).

Effects of drugs on serum biochemical parameters
------------------------------------------------

The effects of ivermectin and myrrh on the concentration of some serum biomoleculesare are shown in [Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. In the infected non-treated mice, significant increases in AST and ALT were revealed. Urea and creatinine levels also showed a highly significant increase throughout the experimental period. Mice infected with *T. spiralis* produced a significant decrease in the total protein, while the globulin levels were increased. Ivermectin and myrrh on day 5 and day 15 PI significantly reduced (*P*\<0.05) the abnormal activities of AST, ALT, urea, and creatinine in infected mice. Furthermore, significant increases (*P*\<0.05) were observed in total serum proteins and albumin concentrations in all the treatment groups when compared with the control group ([Table 3](#T3){ref-type="table"}). Until day 35 PI, ivermectin and myrrh did not significantly improve the altered parameters ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

*T. spiralis* infection starts by invasion of host intestinal epithelium by the infective larvae that afterward create a collagen capsule within the striated muscles transforming the muscle cells into nurse cells \[[@B27]\]. Astonishingly, until now the mechanisms by which *T. spiralis* infective larvae distinguish, attack, creeps within the intestinal epithelium, and create their intramuscular niches are inadequately explained \[[@B28]\]. Efficacy studies reporting anti-*Trichinella* drug effects are insufficient; however, it had been reported that early administration of chemotherapy yielded effective results of trichinellosis therapy \[[@B29]\].

Anthelmintics are the chief drugs for treatment of trichinellosis. Glucocorticosteroids, protein, and electrolyte compensating preparations are supplementary administered groups \[[@B30]\]. Elimination of intestinal forms is significant for early and successful therapy which is the main target of anthelmintics applied during the first 3 days after infection \[[@B31]\]. Benzimidazole derivatives are the drugs most commonly used for treating human trichinellosis. Nevertheless; studies \[[@B32]-[@B33]\] reported that encysted larvae were not efficiently killed when these drugs were used experimentally in *T. spiralis*-infected mice. Despommier \[[@B34]\] explained this defective effect of albendazole on *Trichinella* late stages by the ability of the drug to induce a glucose depriving mechanism within the adult intestinal cells which become defective in absorbing nutrients and eventually, the adults depending on their own acquisition of glucose become starved. Yet, the encysted larvae depending on their energy supply on modulated muscle cells acting as nursing cells will not be affected. As a consequence of inadequate effectiveness of benzimidazole derivatives reported formerly against immature larval stages of *Trichinella*, ivermectin was used in the present study at a dose of 0.25 ml per mouse. Its administration on day 0 and 5 PI indicated that ivermectin was effective in removing the mature worms of *T. spiralis*, achieving efficacy of 98.5% and 80%, respectively, while efficacy of the drug against muscle larvae declined gradually as the time lags between the infection and the onset of treatment to be 76.5% and 54%, when given on days 15 and 35 PI, respectively.

Similar results were obtained by previous studies \[[@B9],[@B11],[@B12],[@B35]\]. However, a bit different results were recorded by Song-Mingxin et al. \[[@B36]\] who found ivermectin less effective against the adult phase with a reduction rate ranging between 47.5% and 58.1% at a dose of 0.3 mg/kg, whereas it was effective against migrating and encysted larvae achieving reduction rates of 76.0-89.6% and 72.0-82.8%, respectively. Barton et al. \[[@B37]\] enlightened that the anthelmintic activity of ivermectin could be attributed to modulating GABA-gated chloride channels which are more accessible in nematodes than in vertebrates. El-Azzouni \[[@B11]\] implied that ivermectin has a direct effect on adults evidenced by topographic changes leading to degeneration and destruction of adults and consecutively reduction in the number of larvae. However, Ros-Moreno et al. \[[@B38]\] reported that the impact of ivermectin on the *Trichinella* surface is rather complex and diverse seeing that the role of γ-aminobutyric acid receptor of *Trichinella* as a target for ivermectin\'s remains indistinct. In the present study, when myrrh was given to *Trichinella* infected mice, it induced reduction of adult worm burden in addition to muscle larvae all over the study times achieving efficacies of 80.7, 51.5, 76.6, 35.0% when administered on day 0, 5, 15, and 35 PI, respectively.

During our search all through literature, myrrh effect on *Trichinella* has not yet been elucidated. In our study, at histopathological level, mice treated with both treatments showed diffuse degenerative changes, focal necrosis, inflammatory cellular infiltration and degeneration of encysted larvae that were replaced with amorphous material. However, more massive number of encysted larvae was noticed all over the muscle bundles when the treatments were given on day 35 PI than when given on day 15 PI, suggesting their higher effectiveness when given earlier.

The present findings were supported by those previously recorded by Kamel et al. \[[@B9]\] who noticed that degenerative changes in muscles were decreased while larval fragmentation was augmented when ivermectin was given on day 14 compared to less significant effects induced by ivermectin on day 35 PI. Similar results were reported by Soliman et al. \[[@B6]\] who stated that dormectin, ivermectin, and levamisole were unsuccessful in reduction of larval counts in the diaphragms of infected rats when injected at day 35 PI. These observations were conflicting with that recorded by El-Azzouni \[[@B11]\] who found that the ivermectin efficacy against encysted *T. spiralis* larvae was 73.5% when injected at week 6 PI. This discrepancy might be due to the differed medication schedules.

Our results revealed that *T. spiralis* infection significantly increased the activities of AST, ALT, levels of urea and creatinine in non-treated infected mice. These changes may be attributed to liver and kidney damages induced during migration of larvae as explained by Gamble et al. \[[@B26]\] who confirmed that elevation of AST and ALT is pointing to hepatic damage, whereas increased urea and creatinine is indicative of a kidney disease. Manifestly, in our study, the above-mentioned biochemical values remained elevated as the time passed between infections and starting treatments with ivermectin and myrrh. Yet, these values were still lower as compared to those of the control groups which might imply that both treatments might give the prospect to recovery of hepatic and renal cells towards normal after treatment. However, this consistently high levels of urea and creatinine despite the controlling effect of the drugs as compared to controls could be explained by reduced renal blood flow associated with higher serum urea concentration which may impair the secretory function of the kidney \[[@B39]\]. Thus, the superadded malfunction in the glomerular filtration results in retention of urea and creatinine, and this may be liable to augment their high serum levels in all treated groups.

Moreover, the increased amount of globulins in our experiment could be attributed to the compensatory mechanism to re-establish osmotic pressure which is reduced as a result of low albumin content by lost glomerular integrity in addition to elevated serum antibodies in response to the parasite or its metabolic products. Trivial effects of ivermectin and myrrh were noticed on the concentrations of serum biochemical parameters on day 35 PI compared to controls, validating the potential activity of the drugs used during earlier stages of infection. This is inconsistent with results obtained from a study by Arise and Malomo \[[@B40]\] who suggested that the repeated administration of ivermectin and/or albendazole may compromise the integral activity of hepatic and renal cells. Therefore, this controversy implies that despite its reported efficacy, ivermectin may possess the potential of adversely affecting liver and kidney functions.

On the other hand, several studies reported that crude myrrh or extracts such as mirazid, have been used for the treatment of various health conditions with minor or no side effects \[[@B41]\]. In another study, serum chemistry of treated rabbits was within standard ranges following myrrh therapy, indicating that it was undisruptive to hepatic cells \[[@B42]\]. Moreover, a study on myrrh \[[@B43]\] supported its value in reduction of total leukocytes, eosinophil counts, and other hematologic disorders. This study proved that the elevated hepatic enzymes, bilirubin and high serum *Fasciola*-antibody titers were normalized and, strikingly, the clinical signs and symptoms attributed to fascioliasis were relieved.

From the current study, it is concluded that ivermectin gave the best results at dosage levels and formulations. In addition, myrrh was found to be effective against *T. spiralis* with results nearly comparable to that achieved by ivermectin. Accordingly, ivermectin and myrrh could have continued practical application in controlling *T. spiralis*. However, ivermectin resistance has become a major problem in agricultural parasites \[[@B44]\], notably in *H. contortus*, and may be emerging in human parasites \[[@B45]\] which implied the need for an alternative anthelmintic. This study established that myrrh could be a very promising drug in the treatment of the Egyptian strains of *T. spiralis* which could be persuading to evaluate the effectiveness of myrrh extract in the treatment of trichinosis in other countries where the infection is prevalent.

![(A) Hematoxylin-eosin staining of a muscle biopsy from group A , day 15 post-infection, showing multiple depositions of *T. spiralis* larval cysts (arrows) with mononuclear cell infiltrates surrounding the thickened capsule, areas of coagulative necrosis, and markedly degenerated muscle fibers. (B) Intersected *T. spiralis* larval cysts (C) within skeletal muscle tissue from group B, 15 days post-infection show degenerated cyst capsules surrounded by multiple cellular infiltrates (I) with replacement of one of the larvae by eosinophilic exudates (E). (C) Encysted *T. spiralis* larvae, 35 days post-infection surrounded by diffuse inflammatory cellular infiltration, with areas of coagulative necrosis and many of cysts (C) showed marked degenerative changes.](kjp-51-297-g001){#F1}
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Effects of ivermectin and myrrh on *T. spiralis* adult worms when administered on the same day (day 0) and on day 5 PI
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N, number of living mice.

^a^Statistically significant.
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Effects of ivermectin and myrrh on *T. spiralis* larvae in muscles when administered on day 15 and day 35 PI
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N, number of living mice.

^a^Statistically significant.

###### 

Effects of ivermectin and myrrh on the concentrations of serum biochemical parameters on day 5 and day 15 PI
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Effects of ivermectin and myrrh on serum biochemical parameters on day 35 PI
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